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concentrations of these elements can be a measure of windborne particle
transport. Dimethyl sulfide is produced in the surface ocean and released
into the atmosphere. In order to investigate the circulation rate of oceans
and air-sea gas transfer rates in localized areas, inert compounds (such as
SF6) that can be detected in minute quantities have been injected into sur-
face as well as deep oceans. SF6 is an ideal tracer because of its low
solubility in water (hence it does not alter the density of seawater signifi-
cantly), lack of a natural source, and high detection limit (10~12 mole by gas
chromatograph equipped with an electron capture detector). SF6 has been
injected into water masses of a desired density to investigate their lateral
and vertical mixing rates. Use of tracers purposely injected into the ocean
will become more common in the future. Because noble gases present in
seawater (helium, neon, and argon) are excluded from biological cycles,
they often serve as useful tools in oceanography for tracing physical mecha-
nisms and processes. The difference in the ratios of these gases, as well as
nitrogen, in air and in surface ocean water has been used to study air-sea
gas transfer mechanisms, such as air injection via gas bubbles. Other noble
gases, such as radon-222 (having a half-life of 3.8 days) produced in water
or in sediments from the uranium decay series have been used to estimate
the material transfer rate across the air-sea or sediment-water interfaces.
Helium has been injected into surface waters with SFfi in order to investi-
gate the gas transfer rate in open oceans. Krypton-85, having a half-life of
10.67 years, is released into the atmosphere from nuclear fuel refineries and
nuclear weapons factories. It has been used as a tracer of large-scale atmo-
spheric circulation, as well as ocean water circulation.

Tracers of photochemical reactions include low-molecular-weight com-
pounds, such as formaldehyde, pyruvate, and acetylaldehyde. The rates of
these photochemical reactions are important to measure so that natural deg-
radation of DOM can be quantified. Also, their variability due to increased
ultraviolet radiation (from decreases in tropospheric ozone levels) should be
studied. The ChemRawn IV conference had a major focus on photochemi-
cal reactions (Goldberg, 1988).

Since the discovery of widespread hydrothermal activity on the seafloor
and plumes of altered water in the water column, it has become obvious that
circulation of seawater through both high-temperature and low-temperature
rocks can add or remove elements, potentially affecting global balances of
some elements. For example, dissolved manganese concentrations in open-
ocean seawater are as low as 0.2 nanomole per kilogram, but concentrations
can be as high as 10 millimoles per kilogram in hydrothermal environments.
3He is enriched in hydrothermal plumes and can be used as a tracer of the
volume of hydrothermal fluids and their dispersion away from their source.
Sensors with high response rates (>10 measurements per minute) would be
useful for determining the spatial distribution of manganese.